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l. This is the seventeenth partial report on Task Assipnment
NPG-Re2d-64-1-53, the "Development of 2 Cool Propellant for the
3"/50 Caliber Gun", and the final revort on the "Ballistic Test of
Cool Propellants, EX-6985 and EX-7006."

2. From the results of the subject tests, it 1s concluded that:

a. LEX~-6985 with the XC-D22/250 primer and 0.4 1b. of SPDN-4438
placed at the bottom of the case with the balance of the charge
consisting of EX~-6985 on top of SPDN-4438 is considered to be a
satisfactory replacement for EX-673%5.

b. EX-7006 with the Mk 42 nrimer vplus 150 grams of NPFB-223 in
a pyralin container placed around the forward end of the orimer 1is
a satisfactory replacement for EX-6649,

c. EX-6985 and EX-7006 are ballistically satisfactory for the
continuation of the rapid fire erosion studies in the 3"/50 caliber
gun except as noted in suh-paragraph (h) of parapraph 8.
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PART B

INTRODUCT ION

1. AUTEORITY:

The tests renorted herein were conducted under Task Assipnments
NPG-?e?d-62-1-53 and NPG-Re2d-64-1-53 as authorized hy references (3
and (b).

2. SFSREICESS

a. BUOAD Conf ltr Re2d-CNBsanh PPQ Ser 42305 of 21 July 1952
b. BUORD Conf ltr Re2d-CNZshac NPQ Ser 42807 cf 21 July 1952
¢, BUORD Conf ltr Re2d-CNDs:df 1'29 Ser 41584 of 2 July 1952
d. BUOKD Conf 1ltr Re2d-ERD:taph NP9 Ser 43457 of 12 Aup 1952
e. NPG Report No. 770 (Conf) of © June 1951

f. NPG Renort No. 503 (Conf) of 14 Mar 1950

e ?escr%ption Sheets of Manufacture and Closed Bomb Data

Conf

3., BACKGROUND;

References (a) and (b) established the pgeneral task assipgnments
for the Develonment of Cool Pronellants for the 3"/70 and 3"/50
culiber guns, resnectively.

Reference (c) requested that LX-6985 be fired for ballistie
assessment in the 3"/S0O caliber gun and described it as a cool MK
vowder made to replace EX-6735 (reference (e)) for continuation of
the erosion trials in the 3"/50 callber gun.

Reference {4) described EY-7006 as a cool picrite powder made
to replace EY-6649 (reference (f)) and requested ballistic tests of
the subject ~owder in the 3"/50 callber gun to determine its suita-
bility for use in a sneclal erosion prsrram under preparation for
the 3"/50 caliber gun.

4, ORJLCT OF TiOTs

The subject tests were conducted to determine whether EX-69RE
and L7Z~7006 are satisfactory renlacements for LI-6735 and EN-6649,
respectivoly, in the continuation of erosion trials in the n/so
culiber pun.
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Ballistic Test of Cool Pronellants EX-69P5 and EX-7006

5« PERIOD OF TEST:

a. Dates Project Letters

b. Date Material Received
¢. Date Commenced Test
d. Tests Completed

PART C

DETAILS OF TESTS

6. DzZSCRIPTION OF ITEMS UNDER TILST:

- e e e am e Em M e e me e e

2 July 1052

21 July 1652

12 Aupust 19%2

23 August 1652

31 July 1¢52

17 September 1952

a. EI-6985 and EX-7006 are cool composition propellants whose
calculated flame temperatures are 1816°K and 1040°K, respectively,
and whose nominal compositions, as siven in reference (r), are as

follows:
Comnosition EX-6985 EX-7006
Mitrocellulose (13.20%N) 74 .69% 20,267
Dinitrotoluene 13.§1 -
Dibutylphthalate 10,40 ©.20
Divherniylamine 1.00 -
Nitroglycerin - £.25
Yitropuanidine 60.57
Centralite 1.72
b. Grain Geometry and Closed Bomb Data:
Lenpgth Diam, Av. %eb VNo, of ReQo R.F.
Samnle {ng) {in.) (in,) Perfs, (%) (%)
EX-6985 0.4300 0.1368 0,0247 7 94.8(a) 98.6(a)
" " " " 7 133.3(b)  95.7(b)
LX=-7006 0.3110 0.X1210 0,0205 7 111.0(b) 9g.ﬂ(b)
" n u " 7 96.0(c) 9€.9(c)

(a) Bused on EX-$735 us 100% at 90°r.
(b) Based on EX-6586 ag 100% at QO°F.
(c) Based on BX-6649 ac 1007 at 90°F.

CONMIDELTIAL
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7. PROCLDURE:

EX-6985 and EX-7006 were fired for ballistie assessment in
several 3"/50 calibver zuns undser conditions similar to those renorted
in references (e) and (f). kuzzle velocities, maximum nressures
(copper crusher), and ejection times were recorded, All rounds were
assembled at PPD (Production Packing Depth). Pressure-time records
were obtained for the various conditions tested.

8, RLSULTS AND DISCUSSICN:

The results of the subject tests are given in detail in the
Anpendices and are summarized below;

a. Ballistic Tests of EX-69P5 and EX-7006:

Gung 3%/50 Caliber
kk - Lod Mo, %SR Dg
22 4 13092 (':orn) 214%,9 Nos2
22 5 203%5 (New) 183.0 31002
21 0 5917 (Worn) 3217.4 31096
22 3 16923 (New) 152.7 31004
Projectile; Mk 33 (13.00 1hs.) Epsom Salt Loaded

Cartridge Case: Mk 9, Steel, Rubher Crimned

Primer: Mk 42 and YC~D22/250 (as indicated)

Lead Foils 4% prams per churre with I..-60R5

30 grams ner charge with EZ-7006

Cardboard, NGF Dwg. No. 132664,

¥ad and Snacer:
Pc. MToss 13 and 4

Powder Tem9.s O0°F

pn D
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CONFIDENTIAL NPG REPORT NO. 1075
Ballistic Test of Cool Propellants EX-6985 and EX-7006
b. Charge determination:
Gun data are the same as in sub=-paragraph (a) above.
Master Powder: SPCG-10135 (4.16 1bs.)

Velocity Charge Pressure
Powder Gun *

EX-6985(a) 13092 (Worn) 2700 4,01 14,
EX-6985(a) 20385 (New) 2700 4,84 14,

Mean of new and worn guns (a) 2700 4,88 14.9
EX~7006 20385 (New) 2700 4,96 19.9
EX ~7006 5917 (Worn) 2700 4,91 20.2
EX~-7006(b) 5617 (Worn) 2700 5.31 15.0
EX-7006(b) 19923 (New) 2700 5e.23 15,7
EX~7006(c) 5917 (Worn) 2700 4,60 1g.8
EX~7006(c) 5917 (Worn) 2700 4, 52 18,8
Ex-7006(d; 19923 (New) 2700 4,6 16.6
EX~-7006(a 5917 (Worn) 2700 4.80 16.0

Mean of new and worn guns (d) 2700 4,73 16.3

* All charges obtained by the Matched Powder Method

(a) ©.4 1bs. of SPDN-4438 on bottom of case, Balance of charge
consists of EX-6985 on top of SPDN-44138,

(b) Mk 42 primer plus 2 emptv pvralin containers end on end
around primer,

(¢) Mk 42 primer plus 190 grams of NPFB-223 in pyralin container
around bottom of primer.

(d) Mk 42 primer plus 150 grams of NPFB-223 in pvralin container
around top of primer.

c. Satisfactory ballistic uniformitvy was obtained when EX-6985
was fired with the XC-D22/250 primer plus O.4 1b. of SPDN-4438 and
when EX-7006 was fired with the Mk 42 primer plus 150 grams of
NPFB-223 in a pyralin container arcund the forward end of the primer.

d. Although the pressurc-time records obtained were not of
desired smoothness, in view of the excellent balllstic performance
obtained under tho above conditions, the subjcet powders are con-
sidered satisfactory for use in the contimuation of the rapid fire
erosion studies in the 3"/50 caliber gun,

CONFIDERTIAL
SECURITY INFORMATION 8
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o. Appendix (B) shows the pressure-time records obtained with
EX-6985 and EX-7006 with the various ignition systems tested.
Ignoring the high frequency oscillations attributable to the
pressure-time page, EX-7006 with the Mk 42 primer glus two (2)
empty pyralin containers placed end on end around the primer gave
the smcothest pressure-time curves,

f. EX-6985 with the XC-D22/250 primer gave slightly less carbon
deposition than EX-6735, as reported in reference (e). While
EX-6985, plus the scavenger powder SPDN-4438 (0.4 1b.) completely
eliminated the carbon deposition., the amount of black smoke remained
the same as with EX-6985 without the scavenger.

g. Comparative results of EX-6735 and EX-6649 along with their
replacement powders LX-6985 and EX-7006 are as followss

Veloclty Charge Pressure
Powder (£/8) {(1bs.) (t.s.1,)
EX-6785(3) 2700 4.8 15.0
EX-6985(a) 2700 4.8 14.9
EX-6649(b) 2700 4,68 16.2
EX-7006(b) 2700 4,73 16.3
(a) 0.4 lbs, of SPDN-4438 on bottom of case. Balance of charge

consists of EX-«698%5 on top of SPIN-4438.
Mk 42 primer nlus 150 grams of NPFB-223 in a pyralin con-
tainer around forward end of the »nrimer.

h. EX-693%, as noted in sub-paragraph (g) above, shows a final
pressure of 14,9 t.s.1. (based on new and worn gun flrings). This
pressure, while 0.1 t.s.i. below the minimum allowable for the
3n/50 caiiber pun, matches 80 closely the ballistics obtained in
rergrence (e) thai it 1s considered a satisfactory replacement for
EX-67395.

(b)

CONFIDENTIAL
SECuRITY INFORMATION 9

T i ae Ay




- e —

p—(‘b et

- —

-

CONIIDENTIAL N2G REPORT NO. 1075
Dallistic Test of Cool Propellants EX-6985 and EX-7006

- W W wa e me M m 4F W N e me G EE EE M e W ED MR WM 4R W e B e gn e Ay W =

CONCLUSIONS

9. From the results of the subject tests, 1t is concluded that:

a. EX-6985 with the XC-D22/250 primer and 0.4 1lb, of SPDN-44138
placed at the bottom of the case with the balance of the charge
consisting of EX-698% on too of SPDN-4438 is considered to be a
satisfactory renlacement for EX-6735.

be EX-7006 with the Mk 42 primer vlus 150 grams of NPFB-223 in
a pyralin container »laced around the forwaré end of the primer 1is
s satisfactary renlacement for EX-6649,

¢, EX-6985 and EX-7006 are ballistically satisfactory for the
continuation of the rapid fire erosion studies in the 3*/50 caliber
gun exceot as noted in sub-varagranh (h) of :aragrapnh & above.
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The tests unon which this report is based were conducted by:s
J. A. KRYSTOFIK, Interior Balllstics Division,
Armament Department

This renort was prepared by:
J. A, KRYSTOFIK, Interior Ballisties Division,
Armament Devpartment

This report was reviewed bys
D. C. CAIN, Head of the Interior Ballistics Division,
Armament Department
L. C. KLINGAMAN, Commander, USN, Armament Officer,
Armament Department
C. C. SRAMBLE, Director of Research, Ordnance Group

APPROVEDs J. i. EDV,RDS, acting
Captain, USN
Commander, Naval Proving Ground

C:?/ 44&{2n£>1—,«
E. A, RUCKNER
Captain, USN
Ordnance Officer
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TABUTATION OF FIRING DATA

Gun: 3%/50 Caliber

Number Mic Mod ESR Do

13092 22 4 2145.9 3%052

20385 22 5 183.0 34002

5G17 21 0 3217.4 3¥006

19923 22 3 152.7 EN04
Projectile: Mk 33 (13.00 1bs.) Epsom Salt lLoaded

Cartridge Case: Mk 9 (Steel) Rubber Crimped

Lead Foil: 30 grams per round vith SPCG-10135
45 grams per round with all others

Wad and Spacer: Cardboard, NGF Dwg. No, 132664
Pce Nos, i3 and 4

Primer: As indicated
Powder Tomp.$ 90 °F
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CONFIDENTIAT NPG REPORT NKO. 1075
Ballistic Test of Cool Propexlants EX=6005 and AX-7006

- e et W we s e e S M W W o W R AR ma M M e A e W TN PM M M) WS W ws e &

PRESSURE-TIME CURVES
Gun: 3I*/50 Caliber
Humber M Mod ESR Do__
13092 22 4 2145.9 34052
5917 21 0 3217.4 3"006
Primer: XC=D22/250 on 8-~5-52
Mlz 42 on 9-17-52
Projectile: Mk 33 (13.00 1lbs,) Epsom Salt Loaded
Cartridge Caset Mk 9, Steel, Rubber Crimped
Lead Foil: 45 grams per round
Wad and Spacer: Cardboard, NGF Dwg. No, 132664
Pec, Nos, i3 and 4
Powder Temp.: 0°F
CONFILEITIAL
SECURITY I./FOIUATION 1 APPENDIX B
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Ballictic rest of Cool Propellonts o =777 ol 7T
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